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ABSS ACT

The purpose of this study waz to e-xplore the use of nomoagnifyi-ng
yellow- lenses to enhance personnel detection in the evergeen rainiforest.
Twelve US Infantry soldiers with normal vision, us'.ng spectacles fitted
with yellow lenses, were each presented 45 randcmly appearing hnuran tar-
gets within a 19o0 field of search. The targ-ets, who were dressed in
standard Army field clothes, stood motionless at predetermined distance

markers facing the observer. Tests were conducted on three sites in the
evergreen rainforest of the Canal Zone during the dry season (April 1965).
Results were comparcd with those obtained from 18 additiona-l observers
with unaided vision, who were tested on the same sites and under the same

conditior.s.

maje :zaor effect of using the yellow lenses was to restrict rather
than increase detectability of human targets. Perceptually, the lenses
made the targets appear farther f.rom the observers, resulting in signifi-
cant distance overestimation. Detection ttnes and practice effects were
not affected by use of the lenses.
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FORe'WORD

This is the fourth report in the Tropic Test Center series dealing
with personnel detection in tropical forests. The research is zupCortcd
by the US Ar-my In-House Laboratory independent Research Pro(ram.

The primary purpose of these studies is to provide a baze3line of
quo-ntitatively sound data concerning the visual capabilities of the
soldier in the jungle. Frtm the standpoint of the Test and Evaluation
mission of the Center, these data afford measures for use in evaluating
the results of tests involving various types of visual aids. Mloreover,
the technioues used for measuring visual thresholds in the field are also
applicable for testing equipment designed. to enhance visual capabilities.
In fact, the present study departs from the preceding three by evaluating
the feasibility of a commercial visual aid for jungle use.

The Tropic Test Center, because of its geographic location, is
ideally situated to collect these basic data and thus help close the gap
in our present knowledge.

Beyond the Test and Evaluation mission, however, these reports Lay

have implications for tactics, training, and operations. For these

reasons, the reports are given wide distribution.

The authors gratefully acknowledge the technical advice and free
materials furnished by Bausch & Lomb, Inc.!/, to make this study possible.

Ri/eerence to a corporate entity in this report is for information only
and does not constitute an official indorsement or approval of the entity
or its products.
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BRIEF OF RESULTS

The purpose of the study was to explore the possibility that yell.;,
lenses weor.d increase personnel detection in the everu-reen rainforest.
These lenses are designed to filter out portions o: the bluc-Urcen spe.-
trum and thus enhance apparent brightness and contrast in low illumination
rnvironnents. The lenses are used coxrercially for inspection and scort-
ing purposes.

Twelve US Infantryj observers wlith normal vision, using spectacles
fitted with yellow lenses, were each presented 45 randomly appearing human
targets within a 1800 field of search. The targets, who were dressed in
standard Army field clothes, stood motionless on predetermmined distance
markers facing the observer. Testing was conducted on three sites in the
evergreen rainforest during the dry season. Test results fro. the 12
observers using lenses were c..pared writh test results from 13 additional
observers with unaided vision. The latter group--used as controls for
this study-- was tested on the some jungle sites urnder identical condi-
tions. Te results of the comparisons are as fcllows:

1. Ye"llow lenses significantly degraded average target detections as
measured by t.e 5 Zsua.! threshold of individual observers. The average
threshold for the unaided vision group exceeded the average threshold for
the lens grotlo by about 10 feet.

2. The unaided vision group exceeded the yellow lens grop in per-
r centage of target detections by about seven percent. The difference was

not statistically reliable. There was no tendency for either group to
differ greatly at either the closeat or the more distant targets in terms
of overall percent detections.

3. Perceptually, targets viewe;d tcirgh the lenses appeared to be
farther from the observer. Observers' using yellowr lenses overestirAted

true target dis' nces to a significantly greater extent than did observers
with unaided vision.

4*. There t.ns no difference between the yellow lens and unaided
vision Groups with respect to the ti.e required to r.ae target detections
nor was there evidence of practice effects for either group.

5. 'hreshold variability from observer to observer %,as significantly
higher for the unaided vision groun. •is finding, however, may be the
result of a statistical rather t~ha:. . o •c.ef-feet.

6. Perfo~rmance differences between thie yollv.-i lens' and unaided

vision groups could not be attributed to crbient illumination differences
at the test sites.

1
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It is concluded that the uze of nonagnifying yellow lenses with
approxinately 5076 transmission at 510 millimicrons to enhance personnel
detection in the evergreen rainforest is unwarranted under the present
experimental conditions. It should be pointed out that the study did not
attempt to investigate other important aspects of personnel detection such
as moving targets, observing from higlhly vegetated areas outward into
brighter target areas, and vertical search fields. It should be further
noted that ambient illumination was two to three times hiGher than, wet
season levels measured at the same sites.
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LV1TRODUCTICO

Little cuantitative data are available on visual thresholds in
tropical forests. TLhe US Army Tropic host Center has initiated a zcf
of studies to establish nortative visibility data under a variety of :n'.v-
rornental conditions to provide this infonsation.

The present report is the fourth of this series; it differs from past
studies by e:mloring the feasibility of cnhancing target dntectability in
the evergreen rainforest by the use of nonmagnifying yellow lenses de-
signed for low illiurination environments. In the preceding-, three studies,
vision was unaided.

BACKGROUND

In the Tropic Test Center's first study, Jungle Vision 11/, visual
thresholds were established for a semideciduous tro cal forest during the
dry season. In the second study, Jungle Vision 1171, visual thresholds
were investigated in an evergreen ra3nforest during the wet season. In
the third study, Jungle Vision III -/, the effect of seasonal variation on
target detectability in an evergreen rainforest was investigated.

In the present study, data collection took place concurrentU wtith
the Jungle Vision III data collection. A total of 30 observers -_ were
tested for both studies--18 unaided, and 12 equipped writh special lenses.
Results obtained from the 18 unaided observers were used as control data
i.n the present study.

l/ Dobbins, D. A., and M. Gast. Jungle Vision I: Effects of distance,
horizontal placement, and site on personnel detection in a semideciduous
tropical forest, US Army Troyic Test Center Rep, Fort Cla,ton, Canal Zone,
Apr 1964.

4Dobbins, U. A., and M. Gast. Jungle Vision II: Effects of distance,
horizontal placement, and site on personnel detection in an evergreen
rainforest, US Army Tropic Test Center Rep, Fort Clayton, Canal Zone,
Nov 1964.

3/ Dobbins, D. A., M. Gast, and C. N. Kindick. Jungle Vision III:
Effects of seasonal variation on personnel detection. in an evergreen rain-
forest, US Army Tropic Test Center Rsch ReD 47, Fort Clayton, Canal Zone,
May 1965.

h All observers were provided by the Comainding Officer, 4th Battalion,
10th Infantry, through the assistance of the Chief, Ccrbat Developments
Office,- VS Army Forces Southern Ccrfmand.
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This oplioratory invc.ctigraion was an outgrowt.h of Jtu;gle Vision II,
in which x 'bient -1lli'nation --as found to averare only 10 to 20 foot-
candles in a wet seasen everg;reen ra'nio:r9;t. Utilizng the consultative
services otercd by L.-s•: •e Lab, inc., L/the seulor author requested
advice on the feasibility of enhancing target detoctabiAiLy thircuh the
use cf colored lcnces--particularly those desicncd for low illimxiination
envirorxcntz. The rationale for t+his request was that those lenses
inhibiting tranJ..ision of the shorter i;avelengt•Is (blucs and Greens) of
the visible acctrum= nizzht enhrance contrast and apparent brightness enough
to hxvc a cfLnificant influence on target detection in the overwhelminglyj
Creen surroundings of the rairfcrcst. The author's initial interest in
this potential pplieation of optics v:as stimulated by an informal
corrmnication. -

The reply confirmed the potential usefulness of these lenses. The
reply also -ugcgsted the feasibility of using didy.mium filters to enhance
contrast effectr in higher illumination environments.

In addition to furnishing advice, Bausch & Loxdb. Inc.,•/frnished the
Tropic Test Center, at no cost, one each of the folloiring nomrnagnifyinG

a. Light yellow lenses fitted in chemical goggles with 50%
transmission at 46o miilimicrons. - -

b. Yellow lenses fitted in spectacles witk 50% transmission at
510 millimicrons.

c. Yellow-oran-e lenses fitted in spectacles with 50' trannstis-
sion at 540 :.iflinicrons.

d. Light red lenses fitted in spectacles with 54; transm-ission
at 580 millimicrons.

e. Dicbroic lenses fitted in spectacles with a sharp cutoff
followcd by a sharp rise in the niddle (yellow-orange) portion of the
spectr•u. This item was designed to enhance contrast effects.

The above listed items, with the exception of the dichroic lenses,
cyster-aticafly filter out an increasingly Greater proportion of the blue-
green spectrum, and thus rscult in Greater apparent brightness cf orangres
and rcea. The yellow-hued lenses are used extensively by hv'te. - and
rsrKsn.en to aid in detection and tracking of targets.

l/ .czrcn-cz;o a =ccrorate entity in this report is for information only
and does nct constitute an official indorsenent or approval of the entity
or its prcducts.

21 -ay'-cr, Ihrris L. Fersonal connmr~ieation, 16 Nove..ber 19o4.
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The 12 observers used in the present study were equtipped only U.
the yeflol lenses (item b, page 4) with 5c% trcnszissicn at 51' milli-
microns 1/ . The other lenses will be evaluated in Thture studios.

=1THOD

Observers. Twio groups of observers (as) were tested. Twelve Cs ;; re
tested with Glasses. Lighteen Os were tested with unaided vision. Al1 16s
were pretested to ensure normal near, far, and color vision, as well as
normal depth perception. Comparison of the two groups is zho'.m below.

Os with Lenses Os with Unaided Vision
-(1.12) -- (N=18)

AveraGe age: 2-4.5 years 22.2 years
Age range: 19-33 years 19-28 years
AveraGe length

of service: 52.2 months 32.7 months
Range of grades: E3 to E5 E2 to E5
No. EM in Combat

MOS0: 10 of 12 All 18

Targets. Tar•e•s- were US Ar=y soldiers dressed in standard military
utili7ty(fatigue OG-107) uniform without insignia, including jacket, cap,
bloused trousers, and jungle boots. The targets had their faces blackened
with charcoal.

Enrircenters. Two experimenters (Es) controlled the testing, which
was done ccnur.rentJ..y at two sites per day. The Es followed identical
standardized procedures during all aspects of testing.

Lndenendent Variables. Three independent variables were investi-
gated: yellow lenses vs. unaided vision, target distance (.4o to 115 feet)
and horinontal target placi-.Lnt (five radii) in O's field of search (18001

Decrendent Variables. Thrc• j-erforn.unce measures were used. The
first measure was the 5-,. detection threshold--that distance at which a
target is detected 50j, of the tic. The second measure was distance esti-
maticn of detected targets. The third measure was detection time--the
amount of search time required to detect a target.

Sites. Three identical test grids were laid oat in the relatively
mature eve---rgreen rainforest of Fort Zherman in the Canal Zone (see Pig. 1,I.

I/An initial attempt was mnade to use item a. (in chemical goggles) but was
discontinued because the high humidity and poor air circulation caused the
lenses to fog after being worn for only a few minutes. Subsequently, a
chemical applicant was obtained that prevents fogging.

5
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T.e sites -:ere selected on the basis of rcnirczentativenoss o
and flatness of terrain. Foro pbotoa~hsz a:nd description of sites, tle
reader is referred to the Junjle Vision Ii and III reports. Thcez -& ,
conducted toward the end of a severe dry season.

Research Desimn. The research design is sir.arized in Table I.
Three vub'rzupc 'of four Os each, comparable in visual acuity, were
assigned randomly to eachý of the three sites and tested 'with the yellow
lenses. Observers, both those equipped writh yellow lenses nnd the unaided
vision Croup, were each presented 45 tarcets which appeared randor..ly Trith
respect to tarCet distance and horizontal placement (radii). Each 0 was
presented nine turGets per radius, for a total of 540 observations for Os
"wi~th lenses and a total of 810 observations for the unaided vision grcup.
Observers vith lenses were administered the identical tests on the same
sites as the control Group; the only difference was the use of-glasses.

TABLE I

Research Design of Jungle Vision IV

Yellow Lenses

Number Radius
Site Observers I ii III IV V Total (n)

Nlurber Observations (n)

x x- 4 36 36 36 36 36 180
Y if= 4 36 36 36 36 36 180
z _ 36_6 3_6 36 3 _6 1_0

Total N=12 108 108 :08 108 108 54w

Unaided Vision

x u= 6 514 5- 54 54 54 270
y u= 6 54 54 54 54 54 270
z If= 6 _4 _4 J _ 5 54 270

Total 11=18 162 162 162 162 162 810

Grand
Total 11=30 270 270 270 270 270 1350

7
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Procedure. Illunination meazures were token at all Os' eye levels and
at the midpoint of each radius with a GE type 213 light m~ter Y/ before
and after testing. All sites were laid out approx=iately north-south to
minimize the effect of sunlight on O's vision. Four Os were tested, one
at a tine, each morning by two field towns. The Os not being tested were
not allowed to see tests in progress. The 0 was informed by E, reading
from a staadardized set of instructions, that this was a test of his
ability to spot targets in a jungle environment. The 0 was informed that
targets would arpear at any point from nine o'clock to--three o'clock
(1300). The 0 was inor•med that be had two minutes to make a detection;
if at the end of that time he had not detected a target, a nondetection
was scored. The 0 was fitted with ear protectors to reduce the possibi-
lity of responding to auditory cues caused by movements of the targets
through the vegetation. The 0 was urged to guess when he was unsure of
the location of the target. 'See detailed instructions to Os in Appendix
C.)

Before the appearance of the first target, E turned 0 around facing
away fran the course. E signalled one target into the first position.
The target took his place on a given radius at a preasplaced distance
marker and stood tn.ncbile, facing the 0. The target returned a whistle
signal informxing E that he was in position.

The 0 was confined to a marked t1hree-feet square. He was allowed to
bend, twist, crouch, or lie down while searching for the targets but was
not allowed to move his head outside the marked square. The 0 was
required.to point and give a distance estimate-when he detected a target,
but the 0 was not informed as to the correctness of his detection. After
the first trial, E arain turned the 0 around and signalled a target for
the next poaitiýo The above sequence was repeated until 0 coqpleted 45
observations. Total testing time for one 0 averaged one and one-half
hours. One rest pause of five minutes was allowed after the 23rd obser-
vation.

RESULTS

Detection Thresholds. Table II compares the 501, detection thresholds
for the ux-aided vision group ant! the yellow leos group. On each site,
detectability was higher without the lenses. Overall, the unaided thresh-
old was 10 feet higher than the lens threshold.- Wh.en the average 50%
tuhreshold of the 18 O with unai±d vio Was eemamre4 wi•th- tgo average
50; threzholds of the 12 Os equipped with lenses by means of t-test, it
was found that the lenses significantly degraded 50',) target detectability
(t=2.Z!; df=23; FO50). .ne could question the practical significance cf
this fingins on the basis of the low absolute difference of 10 feet; hwr-
ever, 10 feet reprcscnts cppro::inately i0% of the available visual enve-
lope in this type vegetation (see Jwnvcle Vision III).

I/ Rcferenco to any trade name used in this report does not const-itute an
nfVc_ •.inii ersorent or approval of the use of said item.

8
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5),'j detection thresholds writh and without lenses at
each of tlhree evergreen rainforest sites.

Site Unaided Vision Yellow Lenses
S(fhet) - (feet)

rX 74.0 57.2
Y 71.1 66.o
z 75.0 70.0

All sites 73.9 63.7

Effects of Tarret Distance. Table III compares the percent of detec-
tions for each of the nine target distances for the unaided vision group
and, the yellow lens Group. Of the 27 ;cssible paired comparisons withain
sites, 20 showed higher percent detections for the unaided vision group.

TABfL III

Percent of tar.-gets detected wth and without lenses
at each of nine distances at three evergreen

rainforest sites (dry season).

Site
x y z

_2 _ All sit!s

Unaided Yellow Unaided Yellow Unaided Yellow Unaided Yellow
Distance Vision Lenses Vision Lenses Vision Lenses Vision Lenses

4o 93.3 90.0 80.-. 85.0 96.7 85.0 90.0 C6.7
50 90.0 70.0 30.0 75.0 83.3 80.0 84.4 75.0
55 86.6 8o.o 73.3 75.0 86.7 65.0 82.2 73.3
60 63.3 35.0 66.7 65.0 60.0 65.0 63.3 55.0
70 66.7 35.0 53.3 40-0 6o.o 50.0 6o.o 41.7
80 140.0 25.0 23.3 20.0 40.0 30.0 34.4 25.0
90 26.7 35.0 20.0 15.0 36.7 30.0 27.8 26.7

100 13.3 0.0 16.7 10.0 13.3 5.0 14.4 5.0
U15 0.0 0.0 0.0 0.0 10.0 250 3 .3 8.3

All
Distances 53.3 41.1 45.9 42.7 54.o 43.3 51.1 41h.o

9
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IWhen the percentage of detections on a distance-by-distar.ce basis
was subjected to an analysis of variance, the difference between the per-
centares of detectionp for all sites with yellow lenses (Z-4.O¶) and
unaided vision (51.3$) was not siGnificant (Fg3.12; dc=l/4; PrjO;io).
There is no conflict bc.w;een this finding mad that reported in the preced-
ing paragrash. The previous analysis compared 50P threshold data between
individual Os in the two groups; the present analysis compared overall
peret..& detections, combined for all distances and all observers. Thus,
it is concluded that there was no nigaifieant superiority to either the
unaided vision or yellow lens Groups with respect to total percent detee-
tions.

Distance, as a source of variance, was highly significant (F--64.78;
df-=8/32; 1'"O.l%). This is a statistical confirmation of the obvious
fact that distance drastically affected target detectability for both
groups.

,lore important was the test of the interaction between mode of de-
tection (glasses vs. unaided vision) and target distance, The interaction
was not statisticealy significant (F=0.76; df=8/32; F.20). These
results indicate that there were no significant differences in percent
detections among the two Groups from one target distance to another.
Further verification of this fact can better be seen in Figure 2. The
conferoations--or slopes--of the two functions were very similar. This
simnility-con flzmthe nonsignificant interaction.

Distance Estimation. Table IV co.pares the results of 16 Os with
unaided vision and 13 Os with yellow lenses in estimation of distances to
detected target:. Results are shown for only those Os who used the Metric
system in their sti:rates. (Data for three Os using-the English system,
for estinating were eliminated because results of vast studies have shown
that the particular estirating system employed causes more bias in esti-
mated distances than environmental variables.) When compared by t-test,
it was found that those Or. using the yellow lenses overestimated all
target distances to a significantly greater extent than those Os uith
unaided vision (t=2.19; dX=25; P.-54).

Detection Time. Time rcquired tc detect targets is compared between
the two froups in Table V. The Grand mean detection time averaged for all
sitcs cnd distances was 28.6 seconds for the group writh the unaided vision
and_35.. seconds for the Group with yellow lenses. When these means were
subjccea to t-tests, however, the difference proved statistically insig-
nificant (t=l.3'; df=i2; P==-IO). Thus, for 'those detections which were
made, t}.e-re ias no sipaificant superiority in the search time necessary
for ciLtkr th-c Os w:ith unaided vision or the Os using yellow lenses.

7 ± cr7cn7 7 uZ ctlon subjected to inverse sine transformation prior to
analysir, of variance.

10
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TABLE IV

Actual targct disLances and observer ect-nntcs made with
unaided vision and t..ith yellow lenses (dr-y season).

Actual Estimated Hunber of
Distance Distance (iedian) Estimates

Unaided Yellow Difference Unaided Yellow
Vision (U) Lenses (L) (El- U Vision L

4e 34.5 47.4 +12.9 71 52
50 48.o 58.9 +10.9 67 45
55 47.8 75.5 +27.7 65 14

60 62.1 73.0 +10.9 50 3370 76.5 !06.5 +30.0 46 25
80 94. 0 163.5 +69.5 27 15
90 93.0 123.0 +30.0 22 16

100 * *--- 13 3
115 * * 3 5

• Insufficient cases for reliable comearisons.

TABLE V

Tine in seconds for tarcet detection for observers with

yellow lenses and observers with unaided vision (dry season).

TARGtDISTA:CE (feet)

4o Lo a 60 70 80 20 LO0 I;

Unaided 15.9 25.0 26.2 27.1 29.6 43.2 33.2 * 4
Vision (81) (76) (74) (5Y) (54) (31) (25)

Yellow 29.L 21.9 32.8 31.4 34.8 44.6 55.9 *

Lenses (52) (45) (04) (33) (25) (15) (a6)

I Insufficient basis for reliable coparison.

( u-.cbcr detections per distance,

72.'-- -nr.4rn. -a:;-.-cc o i-Iu.¶naticn e tl.Pi=,c-

at...!': -i�' a:',cr c,-fr. 0 'Caz tested. Reedantrvs were taken at Os' eye
evels z_::d cn the 50-feet r.arkcr on each of the five radii. Table VI

shows the resu•-lts for the two .bsservcr crours. h.en subjected to t-tests,
it was found t'nt t were Was no s_ý.nificant difference betwLuen the average
illv•m>.'at Ln fcr the two an'oups for either those tested at early morning5

12
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(t=0-.33; df=12; P-60@,), or for those tested at middmorning (t-o.40;
df=14; P=a-6oj). Thus, any differences in target detection ierf•-rance
between the unaided vision and the lens groups cannot be attributed to
differences in illumaination.

TABLE VI

Average illumination in foot-candles
taken on test sites (dry season).

(a) Eye Level of Observer
site

I N I N Z N*

Unaided Vision 21.1 9 20.7 9 58.8 9

Yellow Lenses 16.7 4 18.1 4 o0.2 4

(b) 50-feet markers on radii

Unaided Vision 16.2 45 42.3 - 45 37.3 45
Yellow Lenses 15.5 20 33.8 20 41.3 20

* N refers to number of illumination measures taken.

Threshold Variability of Individual Observers. Table VII shows
detection thresholds for individual observers along with means and
standard deviations. Sites are disregarded in the table since all three
sites are represented proportionately in each of the two arrays of thresh-
olds. The means were subjected to a t-test previously in the report (see
"Detection Thresholds" section) and found to significantly favor the
unaided vision group. The focus of interest in Table VII is the variation
in thresholds between the two groups. A comparison of the standard devia-
tions shows that the thresholds of Os using yellow lenses fluctuated less
from 0 to 0 than did Os with unaided vision. Comparine these variances by
means of F-test indicates that individual threshold variability of Os with
unaided vision significantly exceeded the variability of Os with glZsses
(F= 3.kO4 ; df=17/ll; P--- 5%). The extent to which this effect can be attri-
buted solely to the use of glasses is questionable. A statistical condi-
tion may be responsible since smaller samples are likely to have smaller
standard deviations than larger samples drawn from the same distributio.i.
This effect occurs because extremes are less likely to appear in small
samples. Because 18 Os contributed to the standard deviation of the
unaided group, but only 12 Os contributed to the lens group, the signifi-
cant difference may be due To the effect of the glasses, differences in
sample size, or scme combination of these two factors.

13



TABLE VII

:,Cans ind standard deviations of detection thresholds for
observers writh unaided vision and with yellow lenses.

Unaided Vision Yellow Lenses

77.5' 56.2
77.5 59.1
85.0 58.7
72.6* 69.8*
65.0 72.5
72.5 65.0
78.4 62.5
75.0 67.5
57.5. 70.1*
72.5 72.5
58.7 77-5*
67.5 67.5
95.0
77.5
73.4*
62.5
78.5*
71.1*

Mean - 73.2 66.5
o-, - 8.8 5.0
N = 18 12

* Thresholds estimated by least squares.

Practice Effects. Table VITII ec-rsares ;ractice effects bet-ween the
two groups. The purpose of this comzparison was to determine whether the
relatively pocrer perform.ance dc-onstrated by Os wearing glasses could be
attributed to "getting used" to the glasses during the earlier trials and
thereby depressing their overall threshold scores. The average nutrber of
detections durinr successive five-block trials was thas computed for both
groupz. The results show that there was no systematic fmrirvement in
perform.ance for cith.m graup when task difficulty (mean actual distance)
is considered. Thus, the poorer performance showed by the lens group
cannot be attributed to habituation.
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TABLE VIII

A c•.•arisor. of practice effects bet--een obscrvers
with unaided vision and yellow lenses.

Mean flumber
Block of Detections I.lean Actual

Five Trialis Unaided Vision Yellow Lenses Distance (feet)

1st 2.j 2.1 66
2nd 1.6 1.5 78
3rd 3.3 2.7 64
4th 1.8 1.7 84
5th 2.1 1.8 71
6th 2.7 1.8 80
7th 3.6 2.9 64
8th 2.6 2.3 72

S2.6 2.6 81

SUI'•%RY OF RESULTS

The waor effect of wearing yellow lenses was to restrict rather than
increase detectability of human targets. Perceptually, targets appeared
farther from the observers wearing the lenses, resulting in significant
distance overesti.nation. It may be that the glasses also restrict the
range of observer threshold differences; however, this finding is tenuour-
Detection times and practice effects were not affected by use of the
glasses.

CONCLUSIONS

The "--- of nonm.a-nitying yellow lenses writh 5C4,f transmission at 510
milblm.Luxcns to enhance personnel detection in an evergreen rainforest is
not warranted. This conclusion applies only under the specific experi-
mental conditions of the present study, which included: fixed observer
position; motionless, standing, hu-an targets; low tareet-background
contrast; and horizontal field. of search. It should further be noted that
the study was made durina the dry season, when ambient illumination levels
were from two the three times higher than wet season levels on the same
sites.
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APPEIrDIX A

ORDER OF TARGET PRESENTATION*

Distance

(reet) Radius

I I III IVV

40 15 10 19 5 31

50 34 14 3 ho 2

55 39 43 45 9 36

S60 28 32 11 25 24

70 17 13 30 27 1

8o 8 23 35 4 18

90 2 38 41 33 44

100 z6 12 29 22 7

115 37 6 42 16 20

* Sequence followed! for unaided vision and yellow lens group

23



(NOT U SED)

24'



SXPPE2DIX B

Senuence of cbservers tected chowing the
unaided vision and the yellow lenfel

by site and by test day.

Mode of
Detection* Site Test Da-v

UV X 1
UV X 1
UV Y 1
UV Y 1

YL X 2
UV X 2
Lt! Z 2
UV z 2

UV Y 3

Uv z 3
uV z 3

S•UV x 4
Uy x 4

Y Y 4YL y
UL X 7
YL X 7

l•y 6

UV z 6
UV z 6

UV x 7
YL X 7
YL Z 7
YL Z 7

YL z 8

YL z 8

N Note: UV - Unaided Vision

YL - Yellow Lenses
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Instructions Given to ?& by Eprior to the start of each test ses-i:.

"We are trying to find out how well you can detect targets through the
foliage. (In this particu~ax test, we want to find out if these glasses
assist you in detecting targets.)* You will see one of these fellows
(demonstrate) standing 'p facing you between nine o'clock (point) and
three o 'clock (point) at different distances from you. There will be only
one target at a time. When I give you the signal, you are to stand up in
this marked box (point) and search for the target. You may crouch, kneel,
or even lie down, providing you don't move your head out of the box (de-
"monstrate). If you spot him, point in his direction and tell me how far
away you think he is. You will Lave two minutes to find him. If you
don It spot him in the time limit, I will turn you around and score a miss.
If you think you see him, but are doubtful, go ahead and guess. There
will be 45 trials in all, and the Lest will last about an hour zaid a half.
Are there any questions?"

* Rea& only to the yellow ler's group.

<-7
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APPEIIX Di

Definitions of Statistical Symbols

F-ratio: This ratio is derived fran the analysis of
variance. M he analysis of variance yields
the probability that the variation in a
set of means may be attributed to random
sampling from a connon, normally distri-
buted population.

Probability (P): This symbol refers to the'level of corifid-
ence which may be placed in the statisti-
cal significance of values derived from
many different types of statistical tests
and measures.

Degrees of freedom (df): Degrees of freedom are related to the
number of observations entering into a
particular test of significance. To same
extent, the degrees of freedom determine
the level of confidence placed in the
results of the analysis.

Standard deviation (a): This is a measure of the variability of
individual values in a frequency distribu-
tion around the mean value.

Median' The midpoint of a series of numerical
values; it represents a point on a eon-
tinuum rather than an algebraic average.

Weighted mean: This is the grand mean of a series of in-
dividual means weighted by the total number
of observations entering into the computa-
tion of the individual means.

inverse sine transformation: A transformation frequently applied to
percentage values prior to analysis of
variance to reduce correlation between
mean= and variances.
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